In this paper, the beam pattern of Linear Array Antennas with isotropic elements is examined. The design goal is to reduce the sidelobe level with a minimum beamwidth increase for the far field radiation pattern of the array by varying its electrical as well as its physical configuration. In this paper the cases of a uniformly excited and uniformly spaced array, uniformly excited and non-uniformly spaced array, and a non-uniformly excited and uniformly spaced array are examined for both symmetric as well as asymmetric array, and a comparison is done between them. Real Coded Genetic Algorithm (RGA) is used to find the optimal locations as well as the optimal excitations for the problem as per the cases considered.
INTRODUCTION
A lot of research works have been carried out for optimizing the radiation pattern of Linear Array Antenna for past few decades [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Array Antenna is formed by assembly of radiating elements in an electrical or geometrical configuration. In most cases the elements are identical. Total field of the Array Antenna is found by vector addition of the fields radiated by each individual element. There are five controls in an Array Antenna that can be used to shape the pattern properly, they are, the geometrical configuration (linear, circular, rectangular, spherical etc.) of the overall array, relative displacement between elements, excitation amplitude of the individual elements, excitation phase of the individual elements, and, relative pattern of the individual elements [1] [2] . In many communication applications it is required to design a highly directional antenna. Array Antennas have a high gain and directivity compared to an individual radiating element. A Linear Array Antenna has all its elements placed along a straight line, with a uniform relative spacing between elements [3] . The goal in Array Antenna geometry synthesis is to determine the physical layout of the array that produces the radiation pattern that is closest to the desired pattern [7] . In this paper the design goal is to suppress the maximum relative sidelobe level (SLL) for a Linear Array Antenna of isotropic elements, as well as to restrict the increment of First Null beamwidth (BWFN). [4] [5] [6] . A radiation pattern with lower maximum sidelobe, thinner main beam and more and deeper nulls is preferred. This is done by designing the relative spacing between the elements, with a non-uniform excitation over the array aperture. In this paper, RGA is used to get the desired pattern of the array [2] . Now in the rest of the paper, in Section 2, general design equations, both for symmetric and asymmetric array is discussed. In this Section, all the different cases are also discussed. In Section 3, briefly the RGA is introduced, the simulated results are discussed in Section 4 and 5, and the conclusion is drawn in section 6.
DESIGN EQUATIONS
Radiation pattern of an array of antenna is strongly dependent on its geometrical as well as its electrical architecture. All the elements constructing a linear array must be placed on a straight line. Geometrical architecture of such an array means how the elements are placed along the line. Array elements may be uniformly placed throughout the array aperture, or symmetrically placed with respect to the centre of the array, or asymmetrically placed throughout the line. Electrical architecture gives the pattern by which the elements are excited. They may be excited with same amplitude and same progressive phase throughout the array aperture, or they may be symmetrically excited with respect to the centre of the array, or they all may be entirely asymmetrically excited. Thus, the configurations that can be considered are, A. Uniformly placed and uniformly excited array, B. Uniformly placed but non uniformly excited array, C. Non uniformly placed and uniformly excited array and D. Non uniformly placed and non uniformly excited array In this paper, the performance of the Array Antenna is optimized for only first three conditions. If the elements have symmetry with respect to its centre for geometrical and electrical configuration, it is used to analyze this case as symmetric array and consider the reference point as the midpoint of the array, else the array is referred to as asymmetric array and the reference point in this case is the end point of the array, or, the 1 st or last element of the array. 
REAL CODED GENETIC ALGORITHM (RGA)
GA is mainly a probabilistic search technique, based on the principles of natural selection and evolution [2] . At each generation it maintains a population of individuals where each individual is a coded form of a possible solution of the problem at hand and called chromosome. Chromosomes are constructed with genes of random values between (0, 1). Each chromosome is evaluated by a function known as fitness function, which is usually the cost function or the objective function (called "Misfitness" or MF) of the corresponding optimization problem.
Steps of RGA as implemented for optimization [13] of spacing between the elements and current excitations are:
• Initialization of real chromosome strings of n p population, each consisting of a set of excitations.
• Size of the set depends on the number of excitation elements in a particular array design.
• Decoding of strings and evaluation of MF of each string.
• Selection of elite strings in order of increasing MF values from the minimum value.
• Copying of the elite strings over the non-selected strings.
• Crossover and mutation to generate off-springs.
• Genetic cycle updating.
• The iteration stops when the maximum number of cycles is reached. The grand minimum MF and its corresponding chromosome string or the desired solution are finally obtained.
NUMERICAL SIMULATION RESULTS
This section gives the simulated results for various Linear Array Antenna designs obtained by RGA technique. Three Linear Array Antenna structures having 6, 12, and 18 elements are assumed, each maintaining a fixed spacing between the elements. Parameters such as maximum SLL and BWFN are studied for symmetric as well as asymmetric array. The parameters for the RGA are set after many trial runs. It is found that the best results are obtained for an initial population of 120 chromosomes. Maximum number of generations, N m is limited to 400. For selection operation, the method of natural selection is chosen with a selection probability of 0.3. Crossover is randomly selected dual points. Crossover ratio is 0.8. Mutation probability is 0.004 [13] . RGA technique generates a set of normalized array parameters. Figure 3 depicts the radiation patterns for a uniformly excited linear array having 18 isotropic elements with fixed inter-element spacing. The patterns are got directly from the respective values from Table 2 . Finding optimized uniform spacing results in thinning of main beam. Moreover, a lot extra nulls are inserted in the radiation pattern. For all the sets of elements symmetric array gives lower BWFN as compared with that of the asymmetric array, except for the set of 18 elements. The sidelobe for all the sets for both symmetric and asymmetric array is not altered except for the case of asymmetric array with 18 elements. While SLL is unaltered for the corresponding symmetric array, that for the asymmetric array is rather increased. Thus asymmetric array has poorer performance in this case. The result can be verified from Table 2 . It is seen that, with a negligible sacrifice in the SLL, 18 element asymmetric linear array antennas gives lower BWFN as compared to the corresponding symmetric linear array. SLL for all other sets are the same as that of the initial pattern, both for symmetric and asymmetric array. Symmetric array gives better result by providing lower BWFN except for the set of 18 elements. Figure 4 depicts the radiation pattern for 18 element linear array for non-uniformly varied inter-element spacing. In this case, it can be seen that, for both symmetric and asymmetric array, BWFN is reduced, and SLL reduction is a bit better for symmetric array, except for the set of 6 elements. Again lower BWFN is provided with symmetric array. From Figure 4 , it can be seen from the figure that unlike symmetric array, for asymmetric array the previously existing nulls are almost disappeared. But for the symmetric Array, inserted nulls are quiet deep. Thus symmetric array gives better result for the sets of larger number of elements. The results can be verified by Table3. Figure 5 depicts the radiation pattern of 18 element linear array with non uniform excitation. BWFN is increased for both symmetric as well as asymmetric array from that of the corresponding initial array. While symmetric array gives lower SLL, the respective asymmetric array provides lower BWFN (except for the set of 12 elements). Moreover, while almost all the previously existing nulls are filled up for asymmetric array, some of the nulls are retained for symmetric array. The results can be verified from Table 4 . Figure 6 depicts the radiation pattern for 18 element liner array with non uniform optimized excitation and uniform optimized inter-element spacing. While lower SLL is provided by symmetric array, the corresponding asymmetric array gives lower BWFN. It is clear from the figure that SLL is noticeably reduced both the symmetric and asymmetric array. From the figure it can be seen some extra nulls are inserted in the radiation pattern. While asymmetric array suffers from low null depth, corresponding symmetric array has all such nulls quiet deep. Symmetric array has an advantage over asymmetric array by better SLL reduction performance and deeper nulls in the radiation pattern, but it suffers from the main beam broadening, though negligibly small. This result can be verified from Table 5 . 
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CONCLUSION
In this paper three Linear Array Antenna structures with variable spacings and excitations are considered. For the set of 18 element linear arrays SLL is reduced upto -36.7818 dB for symmetric and -31.8153 dB for asymmetric array, while the respective main lobe beamwidths are 12.8885° and 12.1397° against the initial SLL of -13.1710 dB and initial beamwidth of 12.7589°. From the Tables and the corresponding figures it can be easily seen that, as the number of the elements are increased, SLL reduction and BWFN maintainance performances are improved for both symmetric and asymmetric array. Simulated results show that a optimal non uniformly excited and optimal uniformly spaced Linear Array Antenna has a considerable sidelobe reduction with least first null beamwidth increment. Moreover, extra nulls are inserted in the radiation pattern and this ultimately gives a design of an Array Antenna with lower interference from undesired directions without significant sacrifice in directivity. Thus RGA is found to be promising evolutionary optimization technique for global optimization of any design problem.
